Aim: Laser microdissection (LMD) and liquid chromatography-tandem mass spectrometry (LC-MS/MS) enable clinicians to analyse proteins from tissue sections. In nephrology, these methods are used to diagnose diseases of abnormal protein deposition, such as amyloidosis, but they are seldom applied to the diagnosis and pathophysiological understanding of human glomerular diseases.
peptides. Recently, a novel technique, laser microdissection (LMD) has been developed and introduced into the field of pathology. In LMD, a laser beam is used to dissect any selected fields on histological sections; protein contents can then be analysed by LC-MS/MS for screening and identification of unknown proteins.
In nephrology, this technique has been used for the diagnosis of protein deposition diseases, such as amyloidosis, which is usually diagnosed by immunohistochemistry. The diagnosis of heavychain amyloidosis or several hereditary forms of amyloidosis, however, is difficult because the corresponding antibodies may be unavailable. 1 Sethi et al used this method for diagnosis of amyloidosis and detected novel proteins. 2, 3 They reported that the causes of amyloidosis were more diverse than previously recognised.
Using this method, other researchers identified a novel and unexpected molecule of DNAJB9 as a marker for fibrillary glomerulonephritis. 4, 5 Application of this novel technique to the diagnosis of glomerulonephritis has just begun. To date, IgA nephropathy (IgAN) has been analysed in a few studies, with a focus mainly on deposited immunoglobulin and complements. 6, 7 In our study, we analysed the glomerular proteomics of IgAN and membranous nephropathy (MN) by LMD and LC-MS/MS and we compared our findings with those for normal glomeruli obtained at biopsies from kidney transplant donors. Moreover, we investigated the significance of the detected molecules with regard to the diagnosis and pathogenesis of glomerular diseases.
| METHODS

| Patients
Five patients with IgAN, five patients with MN and five kidney transplant donors were enrolled in this study. In all 10 patients, disease had been diagnosed with renal biopsy in the Department of Nephrology, Showa University Hospital, Tokyo, from 2014 to 2018. During the study period, IgAN was diagnosed in 69 patients and primary MN in 10 patients. Of these patients, we selected 5 with IgAN and 5 with MN whose specimens contained 10 or more non-sclerosed glomeruli.
All five patients diagnosed with MN in this study showed positive immunostaining for PLA2R in the glomerular capillaries, which could indicate that the MN was primary, but serum anti-PLA2R was detected by ELISA in three patients out of the five patients with MN. In addition, one autopsied kidney without abnormal renal lesions was used for the studies to clarify the relationship between the num- Table 1 .
| Examination with immunofluorescence staining
The diagnose of IgAN and MN were based on the clinical information, laboratory data and pathological features in this study. Immunofluorescence staining was performed with the use of fluorescein isothiocyanate-conjugated antibodies against IgG, IgM, IgA and C3.
| Sample collection and protein extraction for LMD and LC-MS/MS
All FFPE tissues prepared from the human kidney were cut into 10 μm-thick sections on glass slides (Membrane Slides, N0.11505158, Leica Microsystems, Mannheim, Germany) coated with polyethylene naphthalate. These sections were stained with haematoxylin to clarify the molecular structure and dissected with the use of the Leica dissector (Leica LMD7000; Leica Microsystems). All glomeruli contained in the sections were selected for LMD and subsequent LC-MS/MS in this study, because in general, the deposition of immunoglobulins and complements are usually seen in almost all glomeruli in the kidneys with IgAN and MN, although the amount of deposition shows some variations among the glomeruli. The dissected glomeruli were collected separately into 40 μL of Tris EDTA buffer and 0.002% Zwittergent 3-16 detergent. After centrifugation at 10 000g for 1 minute, microdissected glomerular fragments were incubated at 98 C for 90 minutes and sonicated with the ultrasonic cleaner at room temperature for 90 minutes. Solubilised proteins were further 
| Ethical statement
This was a retrospective study; patients had the opportunity to opt out, and those who did not were considered to have given informed consent for their data to be studied. Approval for this study was obtained from the Ethics Committee at Showa University Hospital, Tokyo (approval number 2568).
| RESULTS
| Relationship between glomerular dissected volume and identified protein numbers
We used three sizes of glomerular volume (3 × 10 6 μm 3 , 6 × 10 6 μm 3 and 9 × 10 6 μm 3 ) were dissected by LMD from the autopsied kidney and analysed for proteins identified by LC-MS/MS. Each sample was dissected from a 10-μm-thick section. The number of detected proteins was 225 ± 13 from the 3 × 10 6 μm 3 glomerular tissue sample, 276 ± 16 from the 6 × 10 6 μm 3 sample and 265 ± 18 from the 9 × 10 6 μm 3 sample; these amounts were not significantly different ( Figure 1 ). According to the result of this preliminary examination, we decided that the dissected glomerular volume should be 3 × 10 6 μm 3 because the minimal numbers of glomeruli were obtained from each specimen.
| Protein profiles detected in glomeruli from kidney transplant donors and comparison between 0 hour-RBx and 1 hour-RBx
To determine whether the presence of a particular protein is pathognomonic for one disease, we must know which proteins exist in normal tissues. Therefore, we first examined the proteins detected from Table 2 . The major proteins in the highest numbers were cell structure proteins, such as cytokeratin, alpha-actinin and tubulin. Podocyterelated proteins such as synaptopodin, podocin and podocalyxin were also detected but at lower levels of SV. The other detected proteins
The relationship between the dissected glomerular volume and the number of detected proteins. In glomerular tissue volumes, 225 ± 13 types of proteins were detected from the 3 × 10 6 μm 3 sample, 276 ± 16 types were detected from the 6 × 10 6 μm 3 sample and 265 ± 18 types were detected from the 9 × 10 6 μm 3 sample. The difference between these amounts was not significant (N.S.)
were nucleus-related proteins, such as histone and prelamin. Some extracellular matrix-related proteins, such as type IV collagen alpha-3
and type IV collagen alpha-4, were also detected.
To evaluate the influence of blood components in glomerular sam- Table 3 shows the comparison of SV of the blood con- 
| Glomerular protein profile in IgAN
We detected 483 ± 11 types of proteins from the glomeruli in the five cases of IgAN, and compared them with those detected from the con- (Table 4 ). In addition, we found significant elevations in the levels of four types of elongation factors, nine types of heat shock proteins (HSP) and four types of peroxiredoxins, which are associated with cellular proliferation, metabolism and oxidative stress, respectively.
| Glomerular protein profile in MN
We detected 426 ± 27 types of proteins from the glomeruli in the five cases of MN and compared them with those detected from the control glomeruli. The major proteins whose levels were significantly ele- and IgAN samples, whereas greater amounts of C1 was not detected.
These results are consistent with those of previous reports demonstrating increased activation of lectin pathway in idiopathic MN. 15, 16 
| Bioactive molecules associated with the pathogenesis of human glomerulonephritis
Because LC-MS/MS is a method for all-inclusive proteomics analysis, its results revealed unexpected molecular candidates associated with the pathogenesis of certain diseases. In this study, the levels of several bioactive proteins including peroxiredoxin, elongation factor and HSP were higher in the glomeruli of IgAN and MN samples than in those of the control samples.
Peroxiredoxin is an oxidoreductase present in cytoplasm of various cells, and its function is to protect cells from oxidative stress. 17, 18 In an experimental mouse model of renal fibrosis, oxidative stress induced tubular atrophy and interstitial fibrosis were suppressed in the mice that overexpressed peroxiredoxin-1. 19 In humans, expression of peroxiredoxin-1 and peroxiredoxin-2 were increased in the podocytes of patients with advanced cases of diabetic nephropathy. 20 In various forms of glomerulonephritis, oxidative stress can be enhanced in glomerular cells, and this may induce the expression of peroxiredoxin to protect the cells against oxidative stress.
Our results also revealed a significant elevation in HSP70, 71 and 90 in IgAN and MN samples in comparison with the control samples.
HSP is a molecular chaperones that are upregulated when cells are exposed to various stresses such as hyperthermia, cold and anoxia. 21 Molecular chaperones function to repair proteins denatured by various stressors, to prevent further denaturation, and to maintain the cellular structure. 22 In the patients with chronic glomerulonephritis, 
Elongation factor
Elongation factor 1-alpha 1 EEF1A1 20.0 ± 2.0 6.0 ± 3.0 .003
Elongation factor 1-delta EEF1D 1.0 ± 0 0.2 ± 0 .032
Elongation factor 1-gamma EEF1G 1.0 ± 0 0 .002
Elongation factor 2 EEF2 4.0 ± 1.0 0.8 ± 0 .007 increased expression of HSP70 in renal tissue was correlated with an increased degree of proteinuria. 23 Therefore, HSP can be expressed in glomeruli of various glomerulonephritis as a protective response to various factors related to glomerular injury.
Elongation factor plays an important role to elongate the peptide during protein synthesis. It is also up-regulated when cells are damaged by oxidative stress, and it can be used as a marker of oxidative stress. 24 In a mouse diabetic model, expression of elongating factor 1α was elevated and induced renal enlargement as a result of increased protein synthesis. 25 These results suggested that elongation factor can be associ- We also demonstrates the glomerular protein profiles of normal and diseased kidneys detected by LC-MS/MS, which will be helpful for future studies as a reference. Second, because of the exploratory This should be done in the further studies with increased numbers of the patients and confirmative information as the candidate proteins for the pathogenesis of glomerular diseases. Fourth, the limited protein detection sensitivity of our mass spectrometry apparatus.
The improvement of the sensitivity of mass spectrometry will make it possible to perform more precise comprehensive evaluation of proteomics using limited biopsied specimens.
| CONCLUSION
In this study, we performed proteomics 
